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(54) Thin film transistors 

(57) The specification describes source/drain con- 
tact material that is compatible with organic semicon- 
ductors in thin film transistor integrated circuits. The 
contact material is niclcel/gold wherein the nickel is plat- 



ed as Ni-P on a base conductor, preferably TiN^, by elec- 
troless plating, and the gold overiay is deposited by dis- 
placement plating. It was found, unexpectedly, that 
fonning Ni/Au contacts in this way extends the lifetime 
of TFT devices substantially. 
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Description 

Field Of The Invention 

[0001] This invention relates to improvements in thin film transistors (TFTs), and more particularly to improvements 
In TFT devices with organic semiconductors. 

Background Of The Invention 

[0002] Overthe last decade, IC technologies have been proposed that use organic semiconductor thin film transistors 
(TFTs). The chief attractions of such circuits stem from the anticipated ease of processing and compatibility with flexible 
substrates. These advantages are expected to translate into a low-cost iC technology suitable for applications such 
as smart cards, electronic tags, and displays. 

[0003] TFT devices are described in R Gamier et al., Science, Vol. 265. pp. 1 684-1686; H. Koezuka et al., Applied 
Physics Letters, Vol. 62 (15),pp, 1794-1796; H. Fuchigami et al., Applied Physics Letters, Vol. 63 (10), pp. 1372-1374; 
G. Horowitz et al., J. Applied Physics, Vol. 70(1), pp. 469-475; and G, Horowitz et al., Synthetic Metals, Vol. 42-43, pp. 
1127-1130. The devices described in these references are based on polymers or oligomers as the active materials, in 
contrast with the amorphous silicon and polysilicon TFT structures that were developed earlier. The devices are typically 
field effect transistors (FETs). Polymer active devices have signlflcanr advantages over semiconductor TFTs In terms 
of simplicity of processing and resultant low cost. They are also compatible with polymer substrates used widely for 
interconnect substrates. Polymer TFTs are potentially flexible, and polymer TFT ICs can be formed directly on flexible 
printed circuit boards. They also have compatible coefficients of themial expansion so that solder bonds, conductive 
expoxy bonds, and other interconnections experience less strain than with semiconductor IC/polymer interconnect 
substrate combinations. While metal-insuiatorsemiconductor {^4IS) FET devices are most likely to find widespread 
commercial applications. TFT devices that utilize both p-type and n-type organic active materials are also knovm. See 
e.g., U.S. Patent No. 5.315,129. S. Miyauchi et al., Synthetic Metals. 41-43 (1991), pp. 1155-1158, disclose a junction 
FET that comprises a layer of p-type polythiophene on n-type silicon. 

[0004] Recent advances in polymer based TFT devices are described in U.S. Patent No. 5,596,208, issued May 1 0, 
1996, U.S. Patent No. 5.625,199, issued April 29, 1997, and U.S. Patent No. 5,574,291, issued Nov. 12, 1996. With 
the development of both n-type and p-type active polymer materials, as described In these patents, complementary 
ICs can be readily implemented, as detailed particularly in Patent No. 5,625,199. 

[0005] With the basic organic TFT technology now well established, refinements in the device structures and process- 
ing can be expected. Among the problems remaining to be satisfactorily addressed Is premature device failure due to 
contamination, or poisoning, of the organic semiconductor on aging. 

Summary Of The Invention 

[0006] We have found that effective lifetimes of organic semiconductor devices can be strongly Influenced by the 
metallurgy systems in contactwith the organic semiconductor, and the history of the metallurgy. More sjiecifically, we 
have found that gold electrodes for organic semiconductor TFT devices that are processed in the conventional way 
result in premature device failure. In accordance with the invention, gold contacts for organic semiconductor TFT de- 
vices are fomied by displacement plating. A preferred contact for organic semiconductor TFT devices Is TiN/Nl/Au 
wherein the nickel layer (typically Ni-P) is produced by electroless plating, and the gold layer Is produced by displace- 
ment plating. To simplify processing, the TiN^ base layer can be replaced by a printed layer of seed material for elec- 
troless nicket deposition. These TFT device structures have been demonstrated to have considerably extended life- 
times. 

[0007] Brief Description Of The Drawing 

Rg. 1 is a schematic circuit diagram for a simple inverter using a CMOS pair of TFT devices fabricated In accordance 
with the invention; 

Figs. 2-1 9 are schematic representations of process steps useful for forming the organic semiconductor TFT CMOS 
inverter circuit of Fig. 1 ; 

Fig. 20 is a diagram of a TFT device with multilayer source/drain electrodes made according to the invention; and 
Figs. 21 iand 22 are plots showing Improved lifetime characteristics for the devices of the invention. 
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Detailed Description 

[0008] A processing sequence for making TFT CMOS devices with the eiectrodes of the invention is described as 
foilows in conjunction with Figs. 1-19. The device used for Illustration Is a CMOS pair for the simple Inverter circuit of 
5 in Fig, 1 , where n-channel TFT Is designated 11 and p-channel TFT is designated 12. The p-channel transistor may 
be used as driver for the n-channel load. 

[0009] The TFT device structure used for the process illustration is the upside-down configuration that is described 
and claimed in U.S. Patent Application Serial No. 09/137,920 filed 08/20/96, which is incorporated herein by reference. 
This TFT structure offers several advantages. It can be made with simple processing. The deposition of the semicon- 

10 ductor layer occurs late in the process thus avoiding hostile process conditions such as etchants, cleaning agents, 
high temperature, etc. Importantly, the upside down structure, as described here, has Inherent electrical Isolation be- 
tween devices in a CMOS pair as well as b^een pairs. Moreover, the structure allows interconnection layers to be 
forrned prior to transistor formation, which feature has important advantages in some technologies. 
[0010] Referring to Fig. 2, a portion of an IC substrate is shown at 21 . A single TFT CMOS pair will be illustrated for 

IS simplicity, but it will be understood that the single pair of devices Is representative of a large integrated an^y of devices. 
Also, the features shown in the figures herein are not to scale. Substrate 21 is an insulating material such as ceramic, 
glass, or a polymer. It may be rigid orflexibie, and it may comprise a standard printed circuit substrate of glass reinforced 
epoxy, or polyimlde. Altemath/ely it may be silicon on which an insulating layer of SIO^ is grown or deposited. The first 
level metal is shown at 22. In this inverted structure this level Is refenred to as the first level because It Is fomied first 

20 but, as will be appreciated by those skilled in the art, It corresponds to the siecond or third level metal in traditional 
structures. The metal may be any of a variety of conductive materials. The common choice in standard IC technology 
is aluminum. However, due to the nature of the structures described here the choice of conductive material can be 
made from a larger universe than is usually considered, including the standard materials, i.e. aiuminunri, TiPdAu, TlPtAu, 
laN^, TIN^, Au, Ni, etc., as well as nontraditional choices most notably copper, and conductive polymers such as 

25 polyanlllne and metal-containing polymer inks. The use of polymer conductors may be favored In applications where 
a degree of flexibility Is desired. The choice of deposition technique Is wide since the structures at this stage In the 
processing, as contrasted with traditional IC processing at this stage, have no thermally sensitive componerits. Thus 
this deposition step, as well as subsequent deposition and etching steps used for forming the two level or multi-level 
metallization interconnections, may involve significant substrate heating if that Is othenvise convenient and cost effec- 

30 tive. Accordingly, the metal layer can be evaporated, or sputtered. The thickness of the metal layer can vary widely, 
but will typically be in the range 0.05 to 2 \im. • . . • 

[0011] The next step, represented by Fig. 3, is to pattem the first level metallization using a lithographic mask 23. 
The mask is typically made by photolithography, but may also be formed using other forms of lithography. Other masking 
steps, to be described below, may also utilize these alternative lithography technologies. The first metal layer is then 

35 patterned by standard etching, e.g. plasma or RIE etching, to produce the partem of metal runners 24 as shown in Rg. 4. 
[001 2] With a wide choice of conductive materials available, It may be useful, in applications where the interconnect 
density is not large, to print the circuit directly, using screen printing, stenciling, ink jet printing, or a similar technique. 
[0013] With reference to Fig. 5, the first interievel dielectric 25. is fomied over the first level metal pattern as shown. 
The interievel dielectrics in the structures according to the invention may be chosen from a variety of insulating materials 

40 such as spin on glass (SOG), or Si3N4 or Si02 deposited by CVD for example. In the TFT structures described here, 
it is expected that the use of polymer materials wherever they can be effective will be desirable, both from the standpoint 
of processing simplicity and cost, and also to produce IC stmctures that tolerate strain. I.e. are somewhat flexible. 
Accordingly, for such applications the use of pplyimide or similar organic polymer insulating material is reconrvnended. 
A suitable material is a polyimlde supplied by Nissan Chemical Company underthe designation RN-812. This material 
can easily be deposited in layers with 0.1-1 yum thickness, which have desirable insulating properties. The application 
technique for organic insulators is typical^ spin coating or solution casting. Some inorganic insulators, notably spin- 
on-glass, also share the property of convenient application. In some appBcations, e.g. where fine pattem dimensions 
are not required, the dieiecftric layer may be applied as a patterned-layer, already containing the Interievel windows. 
[0014] The second level metal, 29, Is deposited over the first Interievel dielectric 25 as shown In Rg. 6, The second 

50 level metal may be the same as, or may be different from, the first level metal. The second level metal is patterned In 
a manner similar to the first level using mask 31 to forni runners 32 as shown in Figs. 7 and 8. 
[0015] The next step forms the second interievel dielectric 33 as shown in Rg. 9. This layer may be tormed in a 
manner similar to layer 25. Interievel dielectric 33 is provided with through holes or windows for Interievel interconnec- 
tions between the first level (24) and the gate level to be formed next. The Interievel dielectric is masked with patterned 

ss mask 34 as shown in Fig. 10, and the portion of dielectric layer 33 exposed by the opening 35 in the resist is etched 
to form a window to interconnect the first and gate levels. The mask opening is aOgned to metal runner 24 in the first 
level interconnection pattem. A single interievel Interconnection is shown for simplicity, but a typical IC will have many 
such interievel interconnections. These interievel interconnections are standard, and techniques for forming the inter- 
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level windows are well known. For example. If the dielectric layer is SiOa the windows may befoittjed by P'^sma etchmg 
E iTresutting structure is shown in Fig. 11 , with interlevel window 36 fornied in the d,electnc ^Ve^f^ and J«. 
AneLveV interlevel windows or vias can be made directly using a photodefinable polymer dielectric such as poly- 
fnlldT r» pZer material Is used tor the Interlevel dielectric, the vlas can be made using laser processing. 
orerT^egTetevel metal, usual^thefl^tl^^^^ 

rinthesequer«e of the invention, and may compriseawide variety of metals. The usual requirem^ 
ele meL be relatively refractory to withstand the conventional implantation drive steps « elm.nated - me process 
Reinvention, so the gate material can be selected from many materials, even aluminum '^'^Pf -^:^^^';'':^^ 
art hai eTensiCe experience with silicon gates insulated with grown SiO^. Tantalum gates covered wrth TaN or ™ 
mavio be convenient Conducting polymers are ateo suitable for the gate metal and are especa ly corripatible wfth 

?S?7i ?S:^e metal layer 37 is shown In Rg. 12 deposfted over the second interieve d.electr^ ^ZZ^6i^o 
he wfndows tfat will interconnect setected gates to the first level metal.-The gate metal layer rs the,^ P^J^^^* J 
SrZqraphy to fomi gate stmctures 38 and 39. Gate 38 is Interconnected on the gate level and gate 39 .s 

STt^fwi^dow as a part of the gate metal deposition step. As known by those skilled ,n the ari. .nterievel plug 

♦«^knrtinni«*<i ran be used for forminq the interievel intefxjonnectlons. 

M a Te ga e dielSic^ is then fom,ed over the structure as shown In Fig. 14. The 9^e dielectric may be of a 
Smventlonai oxide or nitride, or combination thereof such as 200 nm SkU, and 100 nm SiO„ or may be AI2O3 
S^?ed S "flgnetron sputtering. The gate dielectrk: may 

tlrcanbefom.edconvenlen%byspinK,ntechniques.An*fxampleofsuchamatenalthathas^ 
n this application is pre-imkJzL polyimide, supplied by Nissan Chemical Company under das.gnatron SE-11 ea 
TOs material can be spun on at 4000 RPM and cured at 120 -C for 2 hours to praduce a coating wrth a * ckj^e^ of 
70 nm. If desired, the gate material may be poiysilicon. and the gate dielectric grown as « *"rf^=f ^'^y^ /^*"^*! 
po^sfen in whfckcasethegate dielectric layer41 would notco^ 

. S'^The gate dielectric masked with patterned mask 43 as shown in Fig. 1^;^^^ J'J"" ^^^^^ 

tever 41 and *e underiying portion of dielectric layer 33 exposed by the openings 44. 45. 46^nd 47 In «stet. « 
SrelformLlndoTto interconnect the sourer 
30 fllloriGd to metal runners 32 in the second level interconnection pattern. 

Soi The t e^el plugs and the source/drain contact layer 51 is then deposited over the structure as shown in 
nHeandmll plug conLt is made to the second levelrunne,s32.Uyer51 is thenpa^^^^ 
rhoSpTicmaskfno?shown)to define source electrodes 53. 64 anddm^^^^^^ 

Is well toiown, the position of the source and drain electrodes should be adjacent to the g^^;'"^"'^^^ f/^^^ 
35 preoTshouIdoveriapslightlytheedgeofthegateelectrodeThefomiatlonofthesou^ 

tn thP invention will be described more fully below. 
' 002^0"^^^^^^^^ steps in the process of the invention, which is the first step in ^^f^^ P--^;;^ 
Crated In Flq 1 8 and is the formation of the active semiconductor bodies 61 . 62 in which the held effect ,s realized. 
IT^hiS^'S extends between sources 53. 54 end drains 55. 56. The active matenai is an organ. 

A wWe variety of organic semiconductors have now been developed tor TFT devices. Among these are: 

i. perylenetetracarboxylic dianhydride (PTCDA), the imide derivative of 
PTCDA; 

45 ti. napthalenetetracarboxylic dianhydride (NTCDA); 

ill. fjiiorinated copper pthalocyanine; 
h^, a-sexlthlophene; 

V tetracene or pentacene, or end substituted derivatives thereof ; 
VI. oligomers of thiophene with the degree of oligomerization 
50 > 4 and <, 8, linked via the 2- and 5-carbons; 

vii. alternating co-oligomers of thienylene and vinylene, with 

thiophenes as terminal groups and 3-6 thiophene rings, linked 
via their 2- and 5-carbons; 

viii. linear dimers and trimers of benzo[1, 2-b: 4, S-bl dithiophene; 
55 ix. oligomers of v. and vi. with substituents (e.g., alkyl substituents 

with 1 -20 cart>ons) on the 4- or 5-carbon of the end thiophenes; 
X. regloregular poly(thlophene)s. 
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[0023] Both p* and n-type materials are contained in this fist and can be combined as needed for complementary 
ICs. In the development of this invention the material for the p'Channel TFT devices was a-sexithiophene, and the 
material for the n-channel devices was copper hexadecafluorophthalocyanlne (Fig^^^^)- 
[0024] If necessary, tiie device can be sealed using a passtvating layer 71 as shown In Rg. 19. 
[0025] The source and drain electrode material according to the invention is a layered structure comprising nickel 
and gold layers, preferably fomied overTINx. A device structure, with multilayer source/drain contacts according to.the 
invention, is shown schematically in Fig. 20. Substrate 81 has gate electrode 82 formed on the surface and gate 
dielectric 83 fomned over the gate electrode. The organic semiconductor 84 in this embodiment is a blanket layer over 
the gate dielectric and source and drain electrodes. The source and drain electrodes comprise TiNj^ base 85, nickel 
layer 86, and gold layer 87. The TiN^ layer may be fonned by conventional deposition, e.g. reactive sputtering. The 
thickness of the source and drain contacts, as well as the thickness of the organic semiconductor layer 84 is relatively 
unimportant since the field effect occurs at the Interface between layers 83 and 84. A thickness in the range 30-100 
nm is suitable for these layers. The TiN^ layer may be patterned by conventional photolithography, i.e. coating the TiN^ 
layer with a photoresist, exposing the photoresist to actinic radiation to produce a photomask in the pattern of the 
source and drain electrodes, etching the TiNj^ layer to produce a source/drain electrode layer, and removing the pho- 
tomask typically by ashing in a nitrogen plasma. The surface of the TlNjj base layer is also cleaned by exposure to a 
plasma. The conventional cleaning plasma contains oxygen. It is important that the plasma for the cleaning operation 
in this process be substantially oxygen free. Formation of I1O2 or a titanium oxynltride, whtoh occurs on exposure of 
TINx to an oxygeh-contalning plasma. Is not compatible with subsequent processing. Plasrna cleaning in a nitrogen 
plasma is therefore pretended. After cleaning, the TIN^^ is sensitized with a catalyst, preferably a palladium salt, such 
as PdCl2, in HCI. PdS04, or other suitable Pd compound may also be used. The sensitized TiN^ base layer is then 
plated using electroless nickel. A suitable nickel plating operation is given in the following example. 
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EXAMPLE i 

[0026] A sensitizer solution is prepared by heating a 0.02N IHCI solution to SO'^C and adding. PdCt2 (99.9%). while 
stirring, to produce a 6g/L solution. The solution is filtered through a 0.2 \im nylon filter. The TiN^ patterned substrates, 
after cleaning in a nitrogen plasma, are immersed in the sensitizer solution for 5 minutes at ambient temperature, 
followed by rinsing in deionized water. The activated TiN^^ is then plated by immersion of the substrate in the electroless 
plating solution for 30 s at 86 'C. 

[0027] Electroless nickel processing is well developed and widely used in industry. Deposition is typically perfonmed 
in an add phosphorus bath which producers a deposit with high conductivity, excellent uniformity, high hardness, and 
good adhesion to overplated materials. Electroless plating baths are characterized by the presence of a chemical 
reducing agent, usually alkali hypophosphlte, and most comnrionly sodium hypophosphlte, NaHaPOg. Alternative choic- 
es for reducing agents are sodium borohydride and dimethylamine-borane [(CH3)2NHBH3] which deposits a Ni-B alloy. 
An effective nickel electroless plating solution, which deposits as a NiP alloy, is Type 4024 available from Fidelity 
Chemical Products Corp. Another effective electroless nickel plating solution which deposits as a N\P alloy is given in 
the following table. 

TABLE 1 



Ntekel sulfate (for Nr+2) 


28g/L 


Sodium acetate (buffer) 


17g/L 


Sodium hypophosphlte (reducing agent) 


.24 gA. 


Lead acetate (stabilizer) 


0.001 5 g/L 


PH 


4.4-4.6 


Temperature 


82-88 'C 



[0028] The thickness of the electroless nickel layer for this applfcation is preferably in the range 0.2-1 .0 jun. 
50 .,[00291 The top layer of \he multilayer contact is formed by displacement gold plating. Displacement plating is char- 
acterized by the absence of a reducing agent In the bath. The plating mechanism is by electro-kinetic displacement of 
gold for nickel in the surface layer of the nickel layer, it is facilitated by the surface porosity of the nickel, producing an 
upper gold layer with a thickness that is essentially self-limiting, and a lower gold-Ni Intemietallic layer with a thk:kness 
whk;h grows with time. 

55 [0030] A suitable displacement plating bath for the gold layer is 8.40% potassium aurocyanide in 36.45% arrvnonia, 
and is available from Technic, Inc. as OROMERSE N. A suitable procedure is given in the following example. 
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EXAMPLE 11 

[0031] OMERSE N displacement gold solution Is placed In a glass container. The pH of the solution is adjusted to 
5 0-5 5 using ammonia, and heated to a temperature in the range 60 - 70 using an Immersion heater. The solution 
5 is preferably agitated while the substrates being plated are immersed. The gold layer plates at approximately 0.005 - 
0.0075 \un /min. A layer thlclcness of 0.01 - 0.1 )un Is suitable for the invention. 

[0032] Tf=T devices produced in accordance with the invention show vastly improved aging characteristics over de- 
vices with electrodes formed by conventional techniques. This was demonstrated by aging experiments and the data 
is given in Figs 21 and 22. In Fig. 21 the oscillation period is plotted as a function of time. Fig. 22 gives data con-elating 
10 theoscillationfrequencywithoperatingtime.Bycontrast.deviceswithelectrodesproducedbyconventionalprocessing 

showed failures after just a few minutes of continuous operation. 

[0033] An optional approach to the TiN/Ni/Au multilayer is to eliminate the TiN^ layer and Instead selectively apply 
a sensitizing layer directly to the dielectric surface. A recommended sensitizing layer is carbon containing a suitable 
catalyst such as P'd. Particulate carbon, containing particulate Pd, in a suitable binder or inic carrier can be applied 

IS selectively by an additive technique such as screen printing, ink jet printing, contact printing, microprinting, or the like, 
[0034] The TFT structure described and produced by the foregoing sequence of steps is but one form of TFT to 
which the invention can be applied. An alternative is a conventional MOS transistor structure in which the organic 
semiconductor is the substrate, the source and drain electrodes are applied to the organic semiconductor substrate, 
the gate dielectric is formed on the organic semiconductor substrate, and then the gate electrode Is formed. . 

20 [0035] Another alternative transistor structure for TFT devices is a modified form of J-FET with n-type and p-type 
layers together forming a p-n junction. A gate controls the pinch-off of the channel between source and drain. 
[0036] As indicated eariier, the features in the figures are not necessarily to scale. The dimensions of the active 
devices, i.e. the TFTs, can be made very small using fine line techniques. In particular, the source-to-drain spacing 
can be 5 nm or less. At these small dimensions a single polymer chain, or a few organic molecules span the source- 

25 to-drain distance. With such an IC technology, it Is possible to achieve extremely high Integration densities. The mo- 
lecular nature of organic/polymer semiconductors allows the size of such transistors to shrinkto such small dimensions, 
and also enables effective isolation between Individual transistors. The dimensions of some of the interconnections, 
e g povver and ground interconnections, may be significantly larger than those that appear in the figures. 
[0037] The process sequence shown above for making the CMOS inverter circuit has three metal levels, partly to 

so show the potential of the process for making more complex circuits. It will be evident to those skilled in the art that the 
simple inverter of Fig. 1 can be made with two levels of interconnect if the n- and p-devices are properiy aoanged for 
negative and positive supply busses on the same level. 

[0038] As known by those skilled in the art. the nickel layer described at several places above, when formed by 
electroless plating. Is typically a Nl alloy, preferably an alloy of phosphorus. Reference to nickel layers herein, and in 
35 the appended claims, is intended to refer to this form of nickel. 

[0039] Various additional modifications of this invention will occur to those skilled in the art. All deviations from the 
specific teachings of this specification that basically rely on the principles and their equivalents through which the art 
has been advanced are properiy considered within the scope of the invention as described and claimed. 

40 

Claims 

1 . A method for manufacturing an integrated circuit thin film transistor device comprising: 

45 a. preparing a substrate, said substrate comprising an organic semiconductor material, 

b. forming a plurality of field effect thin film transistors on said substrate said plurality of thin film field effect 
transistors made by the steps comprising: 

50 1 . forming a source electrode on said substrate, 

2. forming a drain electrode on said substrate and spaced from said source electrode leaving a channel 
location therebetween, 

55 3. depositing a dielectric layer covering both saki source electrode and said drain electrode, and 

4. fomiihg a gate electrode overlying said channel location, 
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the invention characterized in that the source and drain electrodes are formed by the steps of: 
I. forming a patterned conductive base layer to define the area of the source and drain electrodes, 

ii. depositing a layer of nickel on said patterned conductive base layer by electroless plating, and 

iii. depositing a layer of gold on said layer of nidcel by displacement plating. 

2. The method of claim 1 wherein the base layer is TIN^. 

3. A method for the manufacture of an Integrated drcult thin film transistor device comprising the steps of: 

a. depositing an electrically conductive layer on an insulating substrate, 

b. lithographically patterning said electrically conductive layer to fonn an interconnect circuit 

c. depositing an insulating layer over said interconnect circuit, 

d. fomiing a plurality of thin film field effect transistors on said insulating layer, said plurality of thin film field 
effect transistors made by the steps of: 

1 . forming a field effect transistor gate, 

2. fomriing a gate dielectric layer over said field effect transistor gate, 

3. fomiing spaced apart source and drain electrodes, and 

4. forming an organic semiconductor layer between said source and drain electrodes, 

e. Interconnecting said field effect transistor gate to said interconnect circuit, 

the invention characterized In that the source and drain electrodes are formed by the steps of: 

I. forming a patterned conductive base layer to define the area of the source and drain electrodes, 

li. depositing a layer comprising nickel on said patterned conductive base layer by electroless platirig, arid 

iii, depositing a layer of gold on said layer of nickel by displacement plating. 

4. The method of claim 3 wherein the conductive base layer is TlNjj. 

5. A method for the manufacture of an Integrated circuit thin film transistor. device comprising fomriing a plurality of 
thin film field effect transistors on an insulating layer, said plurality of thin film field effect transistors comprising a 
source electrode, a drain electrode, a gate electrode, and an organic semiconductor active layer, said source and 
drain electrodes made by the steps of: 

a. forming a pattemed conductive base layer to define the area of the source and drain electrodes, 

b. depositing a layer comprising ntekel on said pattemed conductive base layer by electroless plating, and 

c. depositing a layer of gold on said layer of nickel by displacement plating. 

6. A method for the manufacture of an integrated circuit thin film transistor device comprising forming a plurality of 
thin film field effect transistors on an insulating layer, said plurality of thin film field effect transistors comprising a 
source electrode, a drain electrode, a gate electrode, and an organic semiconductor active layer, said source and 
drain electrodes made by the steps of: 

a. depositing a TiN^ layer. 
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b, coating said TiN,, layer with a photoresist. 
expos.ngsaidphotoresfettoactinicradiat.ontoproc.uceaphotomasMnthepattemof8a.ds^^^^^ 



c. 

electrodes, 



d. etching said TIN, layer to produce a source and drain electrode layer. 

e. removing said photomask, 

fdeaningsaidsourceanddralneloctrodelayarbyexposings^diayertoanessen^aayoxygen-freep^a. 
g.depos«ingalayercornprisingn^elonsaldpatten,edconduct.ebaselayerbye.ect.o.essp^ 

depositing a layer of gold on said layer of nickel by displacement plating. 
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FIG. 3 
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FIG. -15 
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FIG. 17 
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